Various studies have noted current shortcomings in the teaching and learning of science in schools, and the results of large-scale tests show that despite heavy investment in education, Brazilians' understanding of science test scores typically fall short of what could be if students had a consistent, high-quality basic education. This article summarizes the teaching plan and systematic study results for an activity titled "What's That Object?" implemented in the city of Salvador, Bahia state, Brazil, in 2015. Astronomical concepts were taught, and the Aladin software was used in the lessons, which included two computerized memory games produced for this activity. We believe that the results lend strong support to the notion that astronomy education can be improved and motivates educators to teach astronomical concepts at the elementary school level.
METHOD
This work focuses on the conduction of activities described here for the teaching of astronomy concepts to elementary school students. It is part of a larger survey, lasting fifteen months, whose main objective was to verify how the use of Aladin software could be used to teach/learn astronomy concepts. The research was applied with elementary students (children), high school students (adolescents), undergraduate students (young people) and elementary school teachers. Here are some aspects related to the first group.
For this activity, a methodology based on a review of the literature on the subject was applied along with an exploration of all experimental type, with the participation of a researcher (one of the authors of this work), a Mathematics Teacher of the 6th year of elementary school, besides the students. The teacher participated in all phases of construction, adaptation and application of the research, including discussions and adaptations according to the results of the meetings so that the activity was in line with not only the validator documents already mentioned, but mainly with the average ages and the profile of the students.
The presentation had a descriptive character, for the purpose of explaining and detailing the most important elements of the methodological approach applied in the classroom with the student participants.
The entire process, from the questions to the development of the lesson plan, including the production and implementation of the activities, was carefully planned with the participation of the teacher and the researchers to provide solid grounding for the cognitive development of the acquisition of concepts presented to the learners.
Initially, a pre-test was applied using the same questions that would be applied on the post-test. The purpose of the pre-test was to assess prior knowledge in the students' cognitive structure. After the pre-test was corrected and the results analyzed, the researcher presented the Aladin software to the students and taught a lesson on it.
An introductory lesson on celestial objects was taught by the researcher and attended by the teacher and students. The students were introduced to concepts of astronomy, focusing on the following astronomical objects: stars, open star clusters, globular star clusters, nebulae, and galaxies (spiral, elliptical, and irregular). Two astronomical glossaries 1 were used to define each type of object.
The researcher explained what each object was and its main features, showing representative images of each, simplifying her language to fit the age and maturity of the students.
In addition to the whiteboard and marker, the researcher used a PowerPoint presentation with 30 slides about the concepts described above to support her presentation of the concepts. Figures 1 and 2 show examples of the slides used in this lesson.
The students then had an opportunity to use the Aladin program to obtain images of various astronomical objects by entering their addresses (names) from the catalogs (New General Catalogue and Messier Catalog) in the program. Using the PowerPoint presentation, the researcher explained that each object is located at a given coordinate (point in the sky) at a certain distance from us and has a specific name and that the program can often locate an object and load images of it by using the name alone. The students also learned to manipulate data and some tools of the Strasbourg Astronomical Data Center (CDS 2 ) and to classify relatively simple objects by type. The students were told that the images that they would use in the memory game were obtained by the researcher in a manner similar to that in which they had accessed images on Aladin.
It is worth noting that the proposal does not have an instrument of control, but it does not invalidate the brilliance of the results since they can be indicative even for innovative control proposals in order to measure the relative percentages of advances in the learning process. This experimentation also does not have a large sampling, which also does not invalidate it, but can be used in further attempts to consolidate the same result, in efficiency and also in effectiveness. In this way, although there is no classical control or an expressive sample, the proposal, as will be seen in its conclusive aspects, is a strong indicator of success in the proposal and new incursions can be improved towards a better planning of the methodology.
Subsequently, a fun activity was performed using the memory games noted above. Finally, the post-test was administered, using the same questions that had been used on the pre-test, given that the scores on the pre-test were very low (as shown below, in the pre-test results); the researcher sought to assess whether student performance improved following the lesson.
The inclusion of astronomical concepts is suggested by the PCN and this was explained to the teacher of the discipline, who still did not know in the PCN the suggestion to work such concepts from elementary school. She realized the relevance of the approach and, as already mentioned, actively participated in all stages, giving suggestions as the construction of the activity was being elaborated by the researcher. Figure 1 . Slide 3 from the lesson that introduces the concept of visualizing images with the human eye -Translation: Bullet Point: Understanding a few concepts about images and how they're made. Sub-Heading: To make images of the stars we need telescopes, and to understand how telescopes work, we need to know how the human eye works and how computers make images) 3 .
Figure 2.
Slide 5 of the lesson on designating objects and searching for them in an astronomical database. (Heading: The celestial stars also have an address; Point 1: Celestial objects have addresses. To locate previously cataloged celestial bodies, their identifying "codes" are used. Point 2: Various catalogs of astronomical images exist. Aladin searches for an image in one of these catalogs. All it needs is the correct "code" and the image will appear. Point 3: Example: NGC6744: A beautiful spiral galaxy, much larger than our Milky Way. It is located 30 million light years away from us).
The inclusion of astronomical concepts is recommended by the NCS; this was explained to the subject teacher, who until then had not known about the NCS recommendation on incorporating these concepts starting in elementary school. She realized the relevance of the approach and, as noted above, actively participated in all of the stages, offering suggestions as the researcher was developing the activity. Five meetings were held between the two, totaling 10 hours. Figure 3 summarizes the stages of the instructional methodology applied in this activity. It illustrates several important moments from each stage of the research project.
Description of the In-Person Meetings
This section describes the formal meetings of the activity, whether between the teacher and the class or between the researcher and the class. The formal meetings ( Figure 3 ) are those in which the students participated. The first formal meeting with the students was conducted by the teacher, who informed the students of the importance and relevance of the activity planned. There was no need for the researcher to be present, given that this was simply an introductory lesson. The second formal meeting was used to apply the pre-test, which was performed by the class teacher, Ms. Alicia Silva.
The pre-test was corrected by the researcher with the aid of the teacher, and based on the scores, both considered it to be for the best for the students to take the same assessment for the post-test, after the explanatory lesson and the fun activity with the memory game.
In the second formal meeting (the pre-test), the teacher reported that the students said they knew practically none of the concepts that it covered. On the post-test, however, student performance improved significantly.
The teacher reported to the researcher that the students were not enthusiastic about taking the pre-test. After the first class meeting, however, the students began to actively participate, ask questions, interact, and show interest. During the activity with the two memory games, the researcher's observations and audio and video recordings indicated even greater enthusiasm. The students appeared motivated and answered all of the questions (although some of their answers were incomplete, as discussed below).
The implementation of the activity (games and post-test, (that is, the last formal meeting) lasted approximately four hours and 20 minutes, occupying the entire morning. The students asked for additional time to continue playing the game, which they were excited about, given that it was a fun interlude, which is highly recommended for the age group of these students. The teacher and the researcher agreed because the game encouraged the learning of theory, anchoring the concepts and promoting the development of more complex subsumptions in their cognitive structures.
The teacher underwent training, although this is not the most appropriate terms, given the context. The researchers built all activity, from idea to completion, with the teacher's accompaniment. Therefore, the activities were designed to work concepts in the most appropriate way possible for the ages and school stage of the children. Meanwhile, as doubts arose in the process of conducting the teacher with the students, the researchers were guiding actions and responding to the doubts.
The activities implemented in the research were not restricted, therefore, only to the formal meetings of the researchers with the students, but, before that, in the procedural construction accompanied by the teacher and coordination of the school.
As they played, the students talked and discussed the celestial objects that appeared on the cards. They were divided into groups, and the groups were challenged to observe which would perform best. This encouraged healthy competition, as the students vied for the correct answers on the greatest possible number of combinations. The students competed both among themselves and with the computer, given that one of the games was designed so that it could be played either in groups or individually.
Description of the Games
Two games were developed. The first game was developed in the Java programming language. It contains five levels of difficulty, namely: very easy, easy, medium, difficult, and very difficult. Furthermore, for each level, the player could choose the number of cards to be played, as shown in Figure 5 . In this same figure, we observe that the initial screen of the game asks for the player's choice of difficulty level.
It is important to stress that, as shown in Figure 10 , the student must match the card to the name of the astronomical object that it represents. When the match is not made correctly, the player yields to the next student, who will attempt to match the cards correctly; if the student is playing alone, then he or she can try again until the correct match is made. In that case, the player can attempt to improve his or her performance against the stopwatch on the right side. This game was performed after the theoretical lesson to determine whether the students were able to identify the astronomical objects and some of the concepts covered in the lesson.
The students had no difficulty matching the cards concerning the Milky Way, given that the researcher had already explained that no complete image of this galaxy exists because we are inside it, although it is possible to infer its shape from the distribution of a few tracers such as gas, dust, and stars. Figure 10 shows that the "Milky Way" card is the only card that has no image associated with it. After the completion of the game, a screen appears on the left, showing the score and registering the player's participation, as shown in Figures 11 and 12 . The rules of the game were explained by the researcher before the students were divided into groups. The students asked questions to resolve their doubts, and then, the game began. Figure 13 shows the researcher explaining the rules of the game to the students. 
Application Of The Post-Test
The application of the post-test was the last stage of contact with the students who participated in the study. The post-test was corrected together with the teacher, having both a formative and a summative function. The formative assessment indicates the difficulties and progress arising from its development (Allal, Cardinet, & Perrenoud, 1986) . For this type of assessment, the strategies differ from one class to another. Allal et al. (1986) states that formative activities are composed of three stages: 1) Collection of data about the students' conceptual difficulties; 2) Interpretation of the data obtained in the first stage for purposes of diagnosis and preparation for the third stage; and 3) Adaptation of the activities in light of the results of stage 2.
Therefore, we consider the assessment to be formative, in that it involved the stages noted above. On the other hand, the assessment is also summative in that it sought to observe general and significant behaviors and to gauge the knowledge acquired, as recommended by Rabelo (2009).
RESULTS AND DISCUSSION
The pre-test and the post-test were identical, given that many answers were left blank by the students in the pre-test and due to the short time available for the implementation of the activity, which had to be accomplished during mathematics class for which the teacher was required to meet content standards. Another aspect to be considered is that the school did not allow additional time to be allocated for this study.
Analysis and Interpretation of Pre-Test Answers
The answers to the questions are described in Tables 1-6 with the respective graphs, followed by commentary. Subsequently, the questions and analysis of their results are presented through tables and graphs, in addition to the commentary associated with each.
Question 1 asked: "Answer with respect to the term 'astronomical object':" 4 , followed by the choices shown in Table  1 . Only one student replied, "I know what it is " (Table 1) ; however, despite the student's confidence, the answer was wrong. Figure 14 shows that the student associated astronomical objects not with stars but with research tools such as telescopes. Among those who answered "I think I know what is," only one elaborated, but his answer was incorrect. Question 2 was about the visualization of images, asking students to complete the sentence "Astronomical objects..." by choosing one of the options shown in Table 2 , with the correct answer being letter a. Only 28.6% of the students answered correctly, as shown in Table and Graph 3. Analyses of these results quickly revealed that not even half of the students answered correctly and that two students left it blank. It is worth highlighting, however, that this is not a trivial or obvious response, given that the students, teachers, and the public in general typically associate "object" with something that human beings can use. However, because it was explained that these objects were stars of the cosmos, the universe, such as the moon, stars, and galaxies, among others, this result can be associated with a total absence of subsumptions in the students. When we mention "astronomical objects" without a proper prior explanation, it is relatively natural that most people do not think of stars, planets, or nebulae, for example, as "objects." 
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Question 3 asked the students to complete the phrase "All astronomical objects..." with the options described in Table 3 . On this question, the results showed improvement, but it was still expected that everyone would know that celestial objects vary in size. Question 4 asked the students to cite three types of celestial bodies (astronomical objects) that they knew or had "heard of." Of the 16 responses analyzed, only two were considered satisfactory. This result represents 12.5% of the students assessed. However, they may have been induced due to the explanation given by the researcher. Figure 15 shows a correct answer, whereas Figures 16 and 17 show two wrong answers. Half of the students reported that they were not aware of any. They gave answers such as "I don't know" and "I've never heard of any" or they left the space blank. This represents eight of the 16 students who answered the questionnaire about prior knowledge. In addition of the students who answered correctly, left the space blank, or stated that they did not know the answer, six students gave answers that were considered wrong. Figure 16 . Example of one of the responses given by a student who claimed not to know any astronomical objects (50% of the total) (Printed text: Cite three types of celestial bodies (astronomical objects) that you know or have heard of. Handwritten text: I've never heard of any and don't know).
We should note here that the term employed in general usage could confuse students because it had more than one possible meaning; after much group discussion, it was decided to include this term among those contemplated by the item in question. Question 5 presents the image of a galaxy and asks students to choose the correct term for the astronomical object represented (the choices included galaxy, planet, star, other, or "I don't know").
Of the 16 responses analyzed, six were correct; that is, six students chose letter a, the correct answer. This result means that not even half the students were able to identify the image as representing a galaxy. Twenty years ago, this result might have been considered less serious than today, when we live in the information age and so much information is available on the Internet through search engines. However, because the Internet is so vast, individuals need guidance and orientation to find relevant information about astronomical concepts. This discussion confirms the need to teach astronomical concepts in schools as a subject in itself.
It is worth emphasizing that the students assessed attend an upper-middle-class private school in the city of Salvador, meaning that most have a computer available at home, in addition to living in a state capital and attending a school with a computer lab and a digital whiteboard. It is very likely that if this pre-test were applied in a school in which the students do not have these resources available, the results would be worse.
For question 6 (shown at the top of Figure 18 ), only two answers were correct; that is, 12.5% of the students were able to describe any information about celestial objects. The other answers were incorrect or left blank. For question 7 (Figure 19) , no student answered all of the questions correctly. Of the 16 students evaluated, four filled in the first blank with the correct answer; that is, only four students knew that the solar system has seven planets in addition to Earth. Although the fact that Pluto is no longer considered a planet after having been reclassified as a dwarf-planet, which received wide coverage by television and Internet media, the majority of students did not know this information. Moreover, some students even answered with another number, showing total ignorance about the solar system, which is covered in beginning science classes at the earliest grade levels.
This finding prompts us to wonder about the role of not only the teacher but also the policies and the agency governing education in our country that sets the content standards for each grade level. We will not delve into that discussion, given that it falls outside the scope of this study, but at least one observation about the process by which education is taught is necessary. At a time when access to the Internet and, therefore, to all types of information is widely available, how can we encourage our students to seek out and study topics that are important in a scholastic sense? Figure 19 . One student's answer to question 7 (Fill in the blanks: I live on planet Earth. It is in our Solar System, with [8] others (enter the number of planets). Our Solar System, as with the others, is located in a Galaxy, named the: [Milky Way]).
The second blank ( Figure 19 ) was correctly filled in by eight students, meaning that only 50% of the students knew that our galaxy is called the Milky Way. None of the students filled in the third blank correctly. Figure 19 shows one student's answer.
The answers to question 8 (label in Figure 20 ) ranged from Google to Wikipedia to Google Earth and Google images, in the case of this student. This scenario is most likely related to the searches the students perform in the course of their activities and to find images in general. Approximately 44% of the students did not answer the question. That is, seven of the 16 students left the space blank. No student cited a software program specifically pertaining to astronomical images.
Next, we discuss and analyze the answers to the post-test following all of the steps performed with the participating students. The same 10 questions were scored, now at another stage of the activity, to detect meaningful learning by the students. The results are discussed one by one, considering their particular characteristics. Some answers were chosen to illustrate the comments.
In contrast to the results obtained on the pre-test, question 1 showed improvement, as shown in Graph 4 and Table 4 . Whereas only one student had answered "I know what it is" on the pre-test, 50% of the students claimed to know the answer on the post-test, whereas only one admitted to not knowing. However, it is not sufficient to simply count the number of students who claimed to know the answer; we care about the quality of the answers. Using descriptive analysis of what followed the choice of option, we found that only one of the students who claimed to know the answer failed to answer satisfactorily. Among those who claimed to know, two did not answer satisfactorily. Thus, there were a total of four incorrect and 12 correct answers, which represents a significant improvement and shows that concepts previously unknown to the students now seem to be formed in their cognitive structures. Figures 22 and 23 show two responses to the first question that were analyzed. Figure 22 . A student's response to question 1 (Printed text: Provided above: I don't know what it is; Handwritten text: A celestial body formed by everything that is of nature, like a comet).
Figure 23.
A student's correct answer to question 1 (Printed text: Provided above Handwritten text: It is the same as a celestial body, such as planets, galaxies, nebulas, stars, etc).
Question 2 (see Table 5 , which provides the question and the answer choices) received two wrong answers and 14 correct answers. This finding shows an improvement over the pre-test result, in both percentage and qualitative terms: no student left the question unanswered, and none chose letter c, which is the least likely of the choices. Only two students gave incorrect answers to question 3 ( Figure 5 and Table 6 ). Nonetheless, this outcome was lower than expected, given that it was expected that 100% of students would answer correctly. It is important to stress that this reflects the researcher's and teacher's feelings, but as a learning result, it was very satisfactory.
Question 4 (see the Figure 24 ), received 14 correct answers. This result shows that the students improved from two correct answers to 14 correct answers. It also demonstrates that the element of fun and a process that promotes meaningful content learning can be an effective combination in teaching astronomy to elementary school students. Figures 24 and 25 illustrate two of the 16 answers given.
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The Clute Institute Of the 16 responses to question 5 analyzed, 14 were considered correct (image of a galaxy), representing 87.5% of the students. Figure 26 illustrates what the teacher called a mandala of answer a, in celebration of the result. This shows that the students learned to classify astronomical objects, at least those that they had encountered. Moreover,
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The Clute Institute the audio recording of this activity registers several students stating that they are now able to identify many celestial objects that were previously unknown to them. The audio recording was collected without any prompting of the students by the researcher or teacher. If the student claimed to know some type of astronomical (celestial) object in the answer to question 4, then the student was asked to provide details in the answer to Question 6. In contrast to the 12.5% of correct answers on the pre-test, there were 13 correct answers (81.25%) to this question on the post-test, indicating improvement in the quality of the answers. Figures 27 and 28 show two students' answers. Figure 27 . Satisfactory answer to question 6 (Printed text: provided above; Handwritten text: A galaxy is home to millions of stars and various planets).
Figure 31.
A student's answer to question 9, noting that the drawing obtained represents a galaxy (The table below is formed by 1 and 0 only. "0" is black and "1" is white. Paint each square "0" in black, getting an image. Does the formed image remind some celestial object?).
Figure 32.
Six students' answers to question 10, noting that the resulting image represents a galaxy Two students left question 10 blank, whereas the others colored it correctly (Figure 32 ). Approximately 90% of these answered that the object that they colored represented a galaxy.
CONCLUSIONS
In the comparison between the pre-test and the final questionnaire (Table 7) , the growth in the cognitive development of apprentices is noticeable and can be observed in the analysis of the normalized gain, that is, considering the gains of the pre-test and which, in percentages, the post-tests have in gain on the previous one, what
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The Clute Institute evidences a better cognitive performance referring to the contents approached The students' statements demonstrated that not only did they show meaningful learning, but they also liked the methodology, the applied playfulness and the conduct of the process. The methodology can be even more effective, in cognitive terms, if it is incorporated into a program of consistently applying and addressing astronomical concepts (Langhi, 1997) . Because this activity was implemented at the elementary school level, we must consider not only the possibility that the students may not have had the assumptions (Moreira, 1999) necessary to anchor the meanings (as, in fact, was made clear by the pre-test results) but also that a more coherent and proper approach would have been for the research project to have been conducted on a broader level so that the "sedimentation" of new concepts might yield higher-quality learning results (Ausubel, 2003) . However, even with all of its shortcomings, the study shows that it is possible and even advisable that astronomical concepts be taught beginning in elementary school.
We observed that our study was theoretically grounded in the theory of meaningful learning recommended by David Ausubel (2003) and followed stages of meaning construction by the learner, with the Aladin program underlying the entire process, supporting students' understanding of the concepts taught in the theoretical lessons through images and slides, researcher interventions, and the collective construction of knowledge with the learners.
The Aladin can be used in schools, as it is a free software and now also in Portuguese (Brazilian Portuguese), having been translated specifically for this and other activities that have been part of a wider research of its application from elementary school to teacher training. We hope that these activities, as well as those described in the references of the sites, according to Amôres (2005) , Longhini and Menezes (2015), Amantes (2005) , Amôres (2012), Oliveira (2015) and Hetem (2015) , as well as others not noted, with the objective of being explored by teachers and students of primary, secondary and higher education.
We report the success of the methodology based on the results analyzed and presented, and we suggest teachers adapt these and create their own strategies and methods, taking advantage of the opportunity to learn more not only about astronomical objects but also about other astronomical concepts that can be understood even at the primary grade levels.
Finally, it is also worth noting that this proposal of learning astronomy concepts with the use of specific software does not require that the Professor changes his methodology or his teaching heuristic, since, there is no previous procedure that changes his way of acting or their personal practices already practiced in the classroom. This scenario is salutary in the sense that it does not demand specific training for this besides not providing negative reactive aspects on the part of the Teachers.
We hope that astronomy becomes part of the curriculum, not merely as a unit inserted into other required subjects but as specific content to be taught in elementary school, beginning in the earliest grades. In addition to being of
